To evaluate and synthesize the evidence on the effect of supplements of vitamin E on the prevention and treatment of cardiovascular disease. 
The epidemiologic and observational literature have suggested a beneficial effect of antioxidant-rich foods, as well as specific antioxidants, on the risk of cardiovascular disease, a-v The purpose of this study was to conduct a systematic review and meta-analysis of randomized trials to assess the evidence for the efficacy of supplements of the antioxidant vitamin E for the prevention and treatment of cardiovascular disease.
METHODS

Identification of Literature
This report is part of a larger review of the literature regarding the antioxidants vitamin C, vitamin E, and coenzyme Q 10.10 This report deals only with vitamin E. Potential evidence for the report came from 3 sources: published reports listed in online databases and in the reference lists of relevant articles, and other sources such as experts in the field and the personal libraries of project staff and their associates. "Gray" literature was included (abstracts, etc.) but we did not specifically search for unpublished data. 11 We conducted 4 searches on the specific interventions of interest with no language restriction. The full search strategies and antioxidant terms are displayed in the Appendix (available at http://www.jgim.org). In brief, we searched Medline, Embase, MANTIS, Allied & Complementary Medicine, Biosis Previews, CAB Health, Cancerlit, the Cochrane Library, Social SciSearch, SciSearch Cited Ref Sci, and TGG Health & Wellness Database using supersensitive search terms for clinical trials and vitamin E, alphatocopherol, d-alpha-tocopherol, rrr-alpha-tocopherol, and all rac-alpha-tocopherol.
Two trained reviewers (a physician and a PhD) independently evaluated lists of titles and abstracts (from which duplicates were removed) generated by the online database searches, as well as the additional titles from other sources to identify clinical trials in humans that assessed the effect of supplements of vitamin C, vitamin E, or coenzyme Q l0 and reported clinical outcomes or intermediate (surrogate) outcomes that are closely associated with clinical outcomes. Fifty-two abstracts or articles in 7 languages other than English were reviewed by physicians in the language, with the assistance of a member of the study team. Non-English language articles did not undergo dual review.
Data Extraction
Detailed information from each study was collected on a specialized data collection instrument. The reviewers, working independently, extracted data in duplicate and resolved disagreements by consensus. A senior physician resolved any disagreements not resolved by consensus.
To evaluate the quality of the design and execution of trials, we collected information on the study design, appropriateness of randomization, blinding, description of withdrawals and dropouts, and concealment of allocation. 12,1a
A quality score was calculated for each trial using a system developed by Jadad. 12 Empirical evidence has shown that studies scoring 2 or less on the Jadad scale report exaggerated results compared with studies scoring 3 or more. 14 Whereas other elements of the design and execution of controlled trials have been proposed as quality measures, empiric evidence supporting their use as generic quality measures is lacking.
Data Synthesis
For groups of studies that assessed interventions, populations, and outcomes that were sufficiently similar, we performed meta-analysis. We estimated the Dersimonian and Laird random effects 15 pooled log risk ratio if the outcome was binary, or effect size if the outcome was continuous, and associated 95% confidence interval. We applied a random effects model as it incorporates both within and between study variation. We transformed the pooled log risk ratio to the risk ratio scale for interpretability. For each subgroup of comparable studies, we calculated the Z 2 test for heterogeneity based on Cochran's Q, 16 and the 12 statistic and its 95% uncertainty interval. 17
This latter statistic represents the percentage of study variability due to heterogeneity rather than chance, and is independent of the number of studies and the effect size metric. We present a forest plot for each meta-analysis in which each individual trial intervention effect is shown with its confidence interval as a box whose area is inversely proportional to the estimated trial variance. The pooled estimate and its confidence interval are shown as a diamond at the bottom of the plot with a dotted vertical line indicating its location. A vertical solid line either at 1 (for risk ratio analyses) or at 0 (for effect size analyses) indicates no treatment effect. We performed some posthoc sensitivity analyses motivated by the observed heterogeneity among the trials. These posthoc sensitivity analyses included removing any trials that appeared to have extreme estimates.
For each subgroup of trials for which we conducted a meta-analysis, we assessed the possibility of publication bias graphically by evaluating a funnel plot of the log risk ratios or effect sizes for asymmetry, which would result from the nonpublication of small trials with negative outcomes. Because graphical evaluation can be subjective, we also conducted an adjusted rank-correlation test 18 and a regression asymmetry test 19 as formal statistical tests for publication bias.
RESULTS
Description of the Evidence
Our literature search identified 8,173 titles, which yielded 156 articles that represented results from 144 unique trials (see Fig. 1 ). Of these, 84 trials concerned vitamin E. A number of articles reported on different aspects of several large clinical trials. These large trials are described in Table 1 and are categorized as primary or secondary prevention trials based on the population enrolled. All studies reviewed in depth are summarized in the evidence table in the Appendix.
Vitamin E Trials that Report Death as an Outcome
Twenty trials reported on death as an outcome and were therefore considered for pooled analysis. We decided not to pool the primary prevention trials with the secondary prevention trials, as the death rates in the primary prevention trials are expected to be lower because the patients did not have known preexisting disease. We considered pooling primary prevention trials (ATBC, PPP, ASAP, Linxian) 2°-23 but judged these 4 trials to be too heterogeneous in terms of interventions to support statistical pooling; thus the findings for these studies are reported narratively.
The follow-up of the included trials ranged from 224,25 to 
Meta-analysis of Vitamin E in Combination Versus Placebo:
All-cause Mortality. Five trials were considered for this pooled analysis. Two of the trials were primary prevention trials, so they were not considered for pooling with the secondary prevention trials for the reasons previously listed. 22'2a Of the secondary prevention trials, one aa had a follow-up time of 6 months, too short for pooling with the other studies. Eliminating those 3 trials left only 2 clinically similar trials, the GISSI trial 28 and the MRC/BHF Heart Protection Study, a° an insufficient number for meta-analytic pooling. Therefore we describe the results for these 5 studies narratively.
The Linxian study 2a and the GISSI study 28 alone reported statistically significant benefits. The effect on allcause mortality in the GISSI trial was almost certainly a result of the omega-3 polyunsaturated fatty acids that were given with vitamin E, with the former providing all of the benefits. In an analysis of the effect of the individual components in this 2 × 2 factorial trial, omega-3 polyunsaturated fatty acid supplementation was beneficial as measured by all-cause mortality (risk ratio [RR], 0.80; 95% CI, 0.68 to 0.95), whereas vitamin E supplementation was not (RR, 0.86; 95% CI, 0.73 to 1.01). Therefore, the beneficial effect reported for the combination of these 2 agents is most probably due to the omega-3 polyunsaturated fatty acids alone. The Linxian trial reported a statistically significant 9% reduction in all-cause mortality for subjects who received beta-carotene, selenium, and vitamin E (RR, 0.91; 95% CI, 0.84 to 0.99). 2a The other 3 studies all reported no statistically significant beneficial or adverse effect on all-cause mortality. as secondary endpoints for this trial• Patients were followed for a minimum of 5 years and a maximum of 8 years.
The Linxian Nutrition Intervention trial (Linxian), also a primary prevention trial, enrolled approximately 30,000 apparently healthy but vitamin-deficient members of the general population in an area of southwestern China that had a very high incidence of carcinoma of the esophagus and stomach• This trial was designed to assess risk of developing esophageal and gastric cancer, so the analysis of CVD endpoints represented a secondary outcome analysis. In addition, the baseline clinical examination of CVD and the measurement of outcomes for these parameters were not as rigorous for these secondary outcomes• These patients (the general population group) were randomized to receive 1 of 5 treatments singly and in combination for 5. . Each of these formulas was given alone and in combination with the other formulas• All 4 formulas were given together and a placebo group was included. 21
The MASI trial enrolled 60 healthy male smokers in a single blind placebo controlled trial to evaluate the effect of vitamin E on lipid oxidation. Volunteers were given either a placebo, 200 mg of RRR-alpha-tocopherol acetate daily, or 200 mg RRR-alpha-tocopherol acetate plus 500 mg ascorbic acid daffy for 2 months• Lipid oxidation, lipid levels, and vitamin serum concentration were measured. 42
The Primary Prevention trial (PPP) involved 4,495 subjects in a 2 × 2 factorial design testing the effects of low-dose aspirin (110 rag/day) and vitamin E (synthetic alpha-tocopherol, 500 rag/day) in patients with risk factors for cardiovascular disease• Follow-up in this study was stopped after 3.6 years because of the proven benefit of aspirin supplementation in atherosclerosis (ASA) for cardiac patients, la
Secondary Prevention Trials (testing the effects of antioxidants in preventing further disease in patients with preexisting cardiovascular disease) or persons judged to be at high risk for developing coronary artery disease. at the baseline exammatlon. ' The median time for follow-up was 510 days, this is the value used in this analysis.
The Cambridge Heart Antioxidant Study (CHAOS) assessed 2,002 subjects with angiographically proven coronary artery disease who were randomized to receive either vitamin E (400 or 800 IU/day of alpha-tocopherol) or placebo and were followed for a median of 510 days. 23
In the GISSI-Prevenzione trial, investigators enrolled 11,324 subjects surviving recent MI into four groups: vitamin E (300 rag/day as synthetic alpha-tocopherol), n-3 polyunsaturated fatty acids (PUFA) (1 g/day), both, or placebo • 26 for 3.5 years--and evaluated the risk of developing death, nonfatal MI, or nonfatal stroke as pnmary outcomes•
The HDL-Atherosclerosis Treatment Study (HATS) enrolled 160 subjects with preexisting cardiovascular disease and tested them with the following combinations: simvastatin (10 to 20 rag/day) plus niacin (500-1000 rag/day slow release); antioxidants including vitamin E alone (800 IU of d-alpha-tocopherol); simvastatin, niacin, and vitamin or placebo. 34 The primary endpoint for this study was the change in angiogram over the course of the trial, but secondary endpoints included death and nonfatal MI. Treatment was continued for 3 years.
The Heart Outcomes Prevention Evaluation Study (HOPE) 2a enrolled 2,545 men and 6,996 women more than 55 years old who were judged at increased risk for CVD due to the presence of certain risk factors in a 2 × 2 factorial trial for 4.5 years. The interventions tested were vitamin E (400 IU) from natural sources, ramipril (an angiotensin converting enzyme inhibitor), both, or neither•
The MRC/BHF trial enrolled 20,536 British adults with preexisting coronary artery disease, peripheral vascular disease, or diabetes in a 5-year trial evaluating the effects of a combination of vitamin E (600 mg of synthetic vitamin E), beta carotene (20 rag), and vitamin C (250 rag) versus placebo on the primary outcomes of MI, stroke, and death from cardiovascular causes. 2s
The Multi-vitamins and Probucol Study (MVP) enrolled 317 patients scheduled for percutaneous angioplasty and having preexisting coronary artery disease in a 6-month study of a combination of vitamin E (700 IU as d-, 1-alpha-tocopherol), vitamin C (500 rag), and beta-carotene (30,000 IU), with and without probucol versus placebo. 31 The Secondary Prevention with Antioxidants of Cardiovascular Disease in End-stage Renal Disease (SPACE) trial 22 enrolled 196 subjects receiving hemodialysis and with known cardiovascular disease who were randomized to receive vitamin E (800 IU/day as natural alpha-tocopherol) or placebo• They were followed for a median of 519 days and the CVD outcomes were the primary outcomes in this trial. 
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Relative Risk -Log Scale ratio of 0.97 (95% CI, 0.80 to 1.19) as shown in Fig. 2 . The Z 2 test did not demonstrate significant heterogeneity with a P value of .09. The 12 statistic was 50% (with 95% uncertainty interval 0% to 82%). Sensitivity analyses did not alter these results. The GISSI study reported a significant benefit on mortality (RR, 0.80), whereas 3 of the other 4 studies actually reported nonsignificant increases in mortality in the treated groups. Neither formal test demonstrated evidence of publication bias (Appendix Table) .
Meta-analysis of Vitamin E in Combination Versus
Placebo: Cardiovascular Death. Four trials were included in this analysis. A small secondary prevention trial, the HATS trial, was pooled a6 with 3 large secondary prevention trials: the ATBC trial 29 (cardiovascular disease subpopulation); the GISSI trial; 28 and the MRC/BHF trial, a° The random effects pooled estimate for the 4 studies was a relative risk ratio of 1.03 (95% CI, 0.81 to 1.32) as shown in Fig. 2 . The Z 2 test did demonstrate significant heterogeneity (P = .02). The 12 statistic was 70% (with 95% uncertainty interval 12% to 89%). Similar to the findings for vitamin E alone, the GISSI trial reported a statistically significant benefit, while 2 of the other 3 trials reported increases in the numbers of negative outcomes in the vitamin E-treated group. There was no evidence of publication bias (Appendix Table) . The results of 2 analyses of the ATBC trial 34 '35 that were not included in the pooled analysis demonstrated no evidence of a significant association of vitamin E in the combinations tested on the risk of mortality due to cardiovascular disease.
Summary of the Results of Vitamin E Alone and in Combination on Risk of Death
For the 4 preceding syntheses, the results did not generally support any positive benefit associated with the use of vitamin E either alone or in the combinations tested for the prevention of all-cause death or cardiovascular death. Neither was there any evidence of significant harm from the same interventions. The effects on all-cause mortality and on cardiovascular mortality reported in the GISSI trial were observed only in the "four-way" analysis (that is, comparing each arm of the 2 × 2 factorial study separately), but not in the "two-way" analysis (comparing all subjects who received vitamin E to all those who did not). The GISSI investigators suggested that the results in the four-way analysis were likely due to chance and concluded that vitamin E supplementation conferred no benefit. The reduction in all-cause mortality reported in the Linxian study was primarily due to a decrease in cancer deaths, not cardiovascular deaths, although the relative risk reported for stroke deaths also achieved statistical significance (RR, 0.91; 95% CI, 0.84 to 0.99). Therefore, there is little evidence that vitamin E supplementation results in a reduction in cardiovascular mortality.
After we completed our analyses, results were reported for a new randomized controlled trial that assessed the effect of vitamin E, vitamin C, and estrogen in 423 postmenopausal women with preexisting cardiovascular disease. No benefit was reported for patients treated with vitamins E and C. A potential for increased mortality was a7 reported in the antioxidant-treated group.
Vitamin E Trials that Report on Myocardial Infarction as an Outcome
Fifteen trials were considered for inclusion in this analysis. We judged the 2 primary prevention trials not clinically appropriate to pool with secondary prevention studies because of the differences in the populations studied. 21'a4 We determined that 2 years of follow-up was the minimum appropriate for adequate assessment. Therefore, 4 studies were eliminated for insufficient follow-up time. a8-41 Seven trials were judged suitable for inclusion in the pooled analysis. 24,2s'27-a°'a6 All of the included trials were secondary prevention trials; therefore, all the populations tested had a previous history of or significant risk factors for cardiovascular disease.
Three of the trials tested a low dose of vitamin E (i.e., less than or equal to 400 IU),27-29 and the remaining 4 trials tested a high dose of vitamin E (greater than 400 IU). 24,2s,a0,al
The outcome of myocardial infarction (MI) was reported in 2 ways in these trials: as fatal MI or as nonfatal MI. We pooled these 2 outcomes separately. For details of these trials, please see the evidence table in the Appendix. The random effects pooled estimate of the relative risk ratio was 0.97 (95% CI, 0.74 to 1.27) as shown in Fig. 3 . The Z 2 test did demonstrate significant heterogeneity (P = .03). The 12 statistic was 63% (with 95% uncertainty interval, 2% to 86%). Sensitivity analyses did not alter these results. No evidence of publication bias was demonstrated.
Meta-analysis of
As with the analyses of vitamin E and mortality, the GISSI study differed from the others in that it alone reported a statistically significant result (RR, 0.75; 95% CI, 0.59 to 0.96). However, this effect was seen only in the four-way analysis; in the two-way analysis the effect was not significant. Three of the remaining 4 trials reported nonsignificant results with the point estimates actually reflecting increased fatal MI in the vitamin E treated group.
Risk ratios were calculated for the primary prevention ATBC and PPP trials that were not included in the pooled analysis.21,29,a4,as Neither of these primary prevention studies reported a statistically significant benefit for vitamin E on fatal MI. Fig. 3 . This result was not significant, but the Z 2 test did demonstrate significant heterogeneity (P = .01). The 12 statistic was 73% (with 95% uncertainty interval, 25% to 90%). Sensitivity analyses did not alter these results. No evidence of publication bias was demonstrated (Appendix Table) .
Meta-analysis of Vitamin E in Combination Versus
As in previous analyses, the GISSI study was the only individual study to report a benefit of vitamin E supplementation (RR, 0.75; 95% CI, 0.59 to 0.96). Also similar to the previous case, in the two-way analysis of the GISSI data the effect on fatal MI was not statistically significant. In contrast to the results of previous analyses, 1 trial, the ATBC trial, which enrolled subjects with prior cardiovascular disease, reported a statistically significant adverse effect of vitamin E supplementation (RR, 1.51; 95% CI, 1.04 to 2.20). Although the GISSI trial used a higher dose of vitamin E than did the ATBC, it would be rare for 2 different doses of a supplement to have completely opposite effects and for each of those effects to be real. It is possible that the adverse effect reported for the ATBC and the beneficial effect reported for the GISSI result was due to chance.
An additional trial, a9 not included in the pooled analysis due to insufficient follow-up time, demonstrated no significant effect of vitamin E supplementation in the risk of fatal MI. The primary prevention sample of the ATBC trial a4 reported no effect on fatal MI.
Meta-analysis Vitamin E Alone Versus Placebo: Nonfatal
Myocardial Infarction. The same 5 trials included in a prior pooled analysis of fatal MI also reported on the outcome of nonfatal MI. 24'25'27-29 The random effects pooled estimate was 0.72 (95% CI, 0.51 to 1.02) as shown in Fig. 3 . The Z 2 test did demonstrate significant heterogeneity (P =. 001). The 12 statistic was 78% (with 95% uncertainty interval, 47% to 91%). Sensitivity analyses did not alter these results.
There was no evidence of publication bias (Appendix Table) . In contrast to prior analyses, in this analysis the GISSI trial did not report a statistically significant effect of vitamin E. In fact, the point estimate of effect for nonfatal MI was in the opposite direction (RR, 1.04; 95% CI, 0.80 to 1.34) . Surprisingly, in this analysis the ATBC trial, which reported a statistically significant adverse effect of vitamin E on fatal MI, reports a beneficial effect for nonfatal MI that just fails to reach conventional levels of statistical significance (RR, 0.68; 95% CI, 0.46 to 1.01).
The results of 2 primary prevention studies, the ATBC study and the PPP trial, 21'34 reported no significant effect of vitamin E alone for reducing the risk of nonfatal MI.
Meta-analysis of Vitamin E in Combination Versus Placebo:
Nonfatal Myocardial Infarction. Four trials were included in this pooled analysis: the HATS trial, a6 the longer version of the ATBC trial of subjects with prior cardiovascular disease, 29 the GISSI trial, 28 and the MRC/BHF trial, a° The random effects pooled estimate was a relative risk ratio of 0.99 (95% CI, 0.89 to 1.10) as shown in Fig. 3 . The Z 2 test did not demonstrate significant heterogeneity (P = .60). The 12 statistic was 0% (with 95% uncertainty interval, 0% to 89%). There was no evidence of publication bias.
Summary of the Results of Vitamin E Alone and in Combination on Risk of Myocardial Infarction
The effects of treatment with vitamin E alone or in combination on the risk of MI, both fatal and nonfatal, are mixed. No pooled analysis yielded a beneficial or adverse effect for vitamin E supplementation, either alone or in combination. However, individual studies did report significant effects. The GISSI study reported a benefit on fatal MI but a nonsignificant adverse effect on nonfatal MI. Furthermore, the beneficial effects in GISSI were seen only in the four-way analysis and not in the larger two-way analysis. The ATBC trials reported just the opposite results of the GISSI four-way analysis: a significant adverse effect of vitamin E on fatal myocardial infarction but a nearly significant beneficial effect of vitamin E on nonfatal MI. These trials had distinct differences (ATBC assessed 50 mg of vitamin E whereas the GISSI assessed 300 mg; but the baseline risk of both fatal and nonfatal MI was approximately equivalent in the 2 studies), but such disparities in results cast doubt on the observed effects being due to a causal relationship, because consistency of effect and a doseresponse relationship are 2 important criteria of causality. 
Vitamin E Trials that Reported on Lipids as an Outcome
DISCUSSION
The available scientific studies offer little evidence that supplementation with vitamin E has any benefit on cardiovascular disease prevention or treatment• Indeed, supplementation with vitamin E at the doses tested appears to provide no benefit: large placebo-controlled, randomized trials have reported no benefit in terms of all-cause mortality, cardiovascular mortality, myocardial infarction, or blood lipids (e.g., the MRC/BHF trial, GISSI, HOPE, PPP, ATBC cohort studies, and synthesized their evidence qualitatively rather than quantitatively• They included fewer RCTs assessing mortality and myocardial infarction outcomes than our review, but included studies assessing angina outcomes that we did not assess• This review concluded that the randomized trial evidence showed "no effect" on cardiovascular events or cardiovascular or all-cause mortality. Taken together, these 3 reviews, conducted independently, using somewhat different inclusion criteria and methods for synthesis, provide strong convergent validity that supplementary use of vitamin E has no effect on cardiovascular outcomes• An explanation that has been proposed for the lack of effect reported in many of the reviewed trials is that the vitamin E was not administered in a sufficient dose or combined with other agents essential for its success, or given for a long enough period of time, or given to a population sufficiently likely to benefit• Both the GISSI study and the HOPE study were prematurely terminated due to evidence of benefits from other intervention arms. It has been suggested that if these studies had been allowed to continue for longer, a benefit of antioxidants would have become more apparent• Some experts have called for new ways to identify populations most likely to benefit, such as selecting participants based on some measure of oxidative stress or low levels of antioxidants. Whether higher doses or different formulations or longer treatment durations will prove more effective is unknown• The findings we report here make it less likely, in our view, that a particular antioxidant intervention will be found that proves to be markedly beneficial• Our review and meta-analysis have several limitations.
The first, common to many systematic reviews, is the quality of the original studies• Only a third of our trials achieved a Jadad score of 3 or more. Other elements of the design and execution of the studies may also be important. For example, the Linxian trial was not designed to assess cardiovascular disease outcomes as its primary purpose, hence the baseline data on cardiovascular disease were not as complete as those from some of the other studies• However, recent attempts to define elements of study design and execution that are related to bias have shown that in many cases, proposed criteria and scales are not reproducible 50 51 and do not distinguish studies based on their results 
